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(57) ABSTRACT

In the heating device, PTC heating eclements arranged
between current rails lying opposite each other are used,
which are fed with supply current from a control electronics
unit via the current rails. Metallic heating rib structures are
respectively coupled to one of the current rails via an electri-
cally insulating but thermally conducting coupling layer. The
air to be heated flows through the heating rib structures which
have an undulating shape. The metallic heating rib structures
are electrically connected to vehicle ground and thus form a
shield that eliminates emissions of electromagnetic interfer-
ing radiation without impeding the flow of air.
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iy

A A 77 .:&

T, ///A’/d’ﬂ’
CREES R

O b g e ] ¢ X
///7// AR 0(
RN

oA 160
e

1
I
I
13



US 9,259,991 B2

Page 2
(51) Int.ClL WO WO 02/057100 A2 7/2002
HO5B 3/50 (2006.01)
F24H 3/04 (2006.01)
OTHER PUBLICATIONS
(56) References Cited
English language abstract for DE 102006055872 extracted from the
U.S. PATENT DOCUMENTS espacenet.com database on Aug. 24, 2012, 7 pages.
6.875.962 B2 4/2005 Uhl et al. English language abstract for WO 02/057100 extracted from the

2003/0180033 Al*
2008/0135536 Al

9/2003 Albanetal. .......c....... 392/347
6/2008 Kochems et al.

FOREIGN PATENT DOCUMENTS

DE 102006055872 B3 3/2008

espacenet.com database on Aug. 24, 2012, 32 pages.

International Search Report for Application No. PCT/EP2011/
050067 dated Apr. 6, 2011, 3 pages.

* cited by examiner



U.S. Patent Feb. 16, 2016 Sheet 1 of 3 US 9,259,991 B2

/

]  L—16a
/143
_—16b
[ | I L —14b

L—~16¢

' 164
TAANAATAN 14
AR A

L -16f
Fig. 1
Iftlbi
32 og 22 L2028 16a
2 18b gy

b N
RTINS

LS o




U.S. Patent Feb. 16, 2016

Sheet 2 of 3 US 9,259,991 B2

Fig. 3

Vb, .
=
. 28 i 40
§ | 16a
: \
2 ykmm“\ S e
7 /}, 7 *' R R ﬂ 7" 7 /ﬂﬂm,;-'
Tt K& Sl S

= AR .i.’\'ﬁ?.i.'-}':;{v‘

YYYYYYYVVYVYVYVYYYYYV

mn T

| 1B
i

IVb

Fig. 4a

24

_t16a

o

35y

42—

.

RSN NN T 37




U.S. Patent Feb. 16, 2016 Sheet 3 of 3 US 9,259,991 B2

10
\T
L-16
12
2 A R
Flg. 5
| , ]
e
i
i
%ﬂ“mﬂ“mﬂ m ﬂ L OAAMAMAAAANL
bty ) el b Al \..,,.:._
/ﬂ%})ﬂ/ ﬂﬂ ﬂ“ > \ )/\}7/ kwxy}%}'[w W‘“ \/:: |
R A’Mﬂ/ﬂ ““““ i .f// """ w //m,zry/ R Ilﬂﬂwf/ llﬂ%'
:f‘\\ k 2 '\J\—\t\'\\.\.\\\}.’\_\\}‘\_é\\\:‘;}q}\\\\.\\\\\\\,\\ . > \\‘lk ,’;:} \\\}s \\::.‘ \\\ “ \r‘
g 26 30 I
& —
Vibh
Fig. 6a
L-16a
46
/]
BRI
RN 4
R T
NS A S~
-
AR L
\\48
N 16t

Fig. 6b



US 9,259,991 B2

1
ELECTRIC HEATING DEVICE FOR
VEHICLES HAVING A HIGH VOLTAGE
ELECTRIC SYSTEM

RELATED APPLICATIONS

This application is the National Stage of International
Patent Application No. PCT/EP2011/050067, filed on Jan. 4,
2011, which claims priority to and all the advantages of
German Patent Application No. DE 10 2010 004 034.7, filed
on Jan. 5, 2010.

FIELD OF THE INVENTION

The invention relates to an electric heating device for
vehicles having a high voltage electric system.

BACKGROUND OF THE INVENTION

Vehicles with electric propulsion or hybrid propulsion, too,
need a heating system for controlling the temperature of the
vehicle cabin when outside temperatures are low. The heating
energy comes from electric heating devices that are fed with
electricity from the electric system of the vehicle. These
heating devices are made up from a stack of identical heating
units through which the air to be heated flows. In the heating
device, PTC heating elements are used which are arranged
between current rails that extend opposite each other, which
means electric resistance elements having a positive tempera-
ture coefficient, which are fed with supply current from a
control electronics unit. Metallic heating rib structures are
respectively coupled to each of the current rails by means of
an electrically insulating but thermally conducting coupling
layer. The air to be heated flows through the heating rib
structures, which have an undulating shape. The electric insu-
lation of the heating rib structure from the current rails is
necessary because the voltages taken from a high voltage
electric system of the vehicle have high levels that are dan-
gerous to humans. Consequently, in the known electrical
heating devices of this type, the heating rib structures are
potential-free.

However, in order to control the heating output, switched
supply currents are fed to the PTC heating elements by the
control electronics unit. The switching operations generate
steep pulse edges which constitute a high frequency alternat-
ing current component of the supply current. As a result of
these high frequency alternating current components, all live
parts become radiators which in total emit a substantial
amount of electromagnetic interfering radiation. Moreover,
high frequency interference components from the on-board
network of other vehicle units are already present in the
supply currents for the PTC heating elements and can also be
radiated via the live parts of the heating device. This interfer-
ing radiation can jeopardise the safe functioning of other
systems in the vehicle as well as significantly affect receiving
devices such as for example a radio.

In principle it is possible to surround the radiation-relevant
parts of the heating device with an electromagnetic shield in
the form of a metallic grid. However, since the grid will
necessarily be located within the flow path of the air to be
heated, it causes flow losses that would have to be compen-
sated for by increasing the blower power.

SUMMARY OF THE INVENTION

It is therefore the object of the invention to enable an
electromagnetic shield of the heating device to be obtained
without the use of a surrounding metallic grid.
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This is achieved in a surprisingly simple manner in a heat-
ing device of the type mentioned in the beginning by means of
the fact that the metallic heating rib structures are electrically
connected to a fixed reference potential, in particular vehicle
ground. The term vehicle ground is to be understood to mean
the reference potential of the electric system of the vehicle
that is connected to the metallic structures of the vehicle in an
electrically conducting manner, i.e. in general to the negative
low-voltage (electric 12V system) pole thereof. It will then be
the metallic heating rib structures that will effect an electro-
magnetic shielding of the heating device, since they surround
the radiation-relevant parts of the heating device on both sides
of'the PTC heating elements.

The control electronics unit, too, is a source of electromag-
netic interfering radiation. In the preferred embodiment,
therefore, the control electronics unit is surrounded by a
housing that forms an electromagnetic shield and is also
electrically connected to the fixed reference potential and/or
vehicle ground. Since the control electronics unit will conve-
niently be arranged immediately next to the heating device,
the housing of the control electronics unit is preferably
directly connected to the metallic heating rib structure.

In a further development of the invention it is proposed to
electromagnetically shield also the narrow sides of the layer
structures of the heating device, which consist of PTC heating
elements, current rails and coupling layers, by means of
metallic shielding strips which are electrically connected to
vehicle ground.

According to an advantageous embodiment, a further
enhancement of the “density” of the electromagnetic shield is
achieved by means of the fact that respectively one metallic
shielding layer is arranged between the coupling layers and
the heating rib structures, which shielding layer is electrically
and thermally coupled thereto. Due to the fact that the metal-
lic shielding strips form a continuous shielding structure with
respectively two metallic shielding layers on each of the
narrow sides, an electromagnetic encapsulation is achieved
which is made even more complete due to the fact that the
shielding layers form, in combination with the housing of the
control electronics unit, a continuous and closed shielding
structure, but in any case a continuous electric connection
with the housing.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the invention will
become evident from the detailed description following
below of several embodiments with reference to the attached
drawings, wherein:

FIG. 1 shows a schematic perspective view of a first
embodiment of an electric heating device;

FIG. 2a shows a view of a longitudinal section of the first
embodiment;

FIG. 25 shows a cross-sectional view along the line I1b-1Ib
in FIG. 2a;

FIG. 3 shows a schematic perspective view of a second
embodiment of an electric heating device;

FIG. 4a shows a view of a longitudinal section of the
second embodiment;

FIG. 4b shows a cross-sectional view along the line IVb-
IVb in FIG. 4a of the second embodiment;

FIG. 5 shows a schematic perspective view of a third
embodiment of an electric heating device;

FIG. 6a shows a view of a longitudinal section of the third
embodiment; and
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FIG. 65 shows a cross-sectional view along the line VIb-
VIb in FIG. 6a.

DETAILED DESCRIPTION OF THE INVENTION

In the various embodiments of the electric heating device,
the same basic design having a rectangular frame 10 and a
control block 12 is used, which is arranged on a lateral surface
of the frame 10. Within the frame 10, a plurality of PTC
heating elements, so-called “PTC stones”, are arranged on
current rails in several heating surfaces which are spaced
apart from each other. FIG. 1 shows five such heating sur-
faces; they are referred to as 14a . . . 14e. On either side of the
heating surfaces 14a . . . 14e, metallic undulating heating rib
structures 16a . . . 16f are continuously arranged. Through
these heating rib structures 16a . . . 16f; air to be heated flows.
The control block 12 surrounds control electronics having an
electric terminal 12a and a signal terminal 125 on the outside.
The current rails on which the PTC stones are located extend
into the control block 12, as can be seen from FIG. 2, and are
connected therein to the control electronics.

As shown in FIG. 2a, the flat PTC stones 20 lie, with a
slight distance between them, next to each other between two
current rails 22, 24 which may be formed as solid metal
sheets. Each current rail 22, 24 is connected at one end that
protrudes into the control block 12, of which only one hous-
ing wall 26 is shown in FIG. 24, to a pole ofthe supply voltage
applied by the control electronics unit. Since the PTC stones
20 are fed from a high voltage electric system of the vehicle,
special electric insulation measures are needed. Therefore,
insulating plates 28 and 30 are respectively placed on top of
the outside of a current rail 22, 24 so as to electrically insulate
the heating rib structures 16a, 165 arranged thereon. All of the
narrow faces are also covered by electric insulating materials.
InFIG. 2a, the ends of the current rails 22, 24, which protrude
into the control block 12, are electrically insulated by insu-
lating elements 32, and the opposite ends by an insulating
strip 34.

In order to shield against electromagnetic interfering radia-
tion, several measures have been taken. On the one hand, the
housing wall 26 of the control block is made from solid metal
sheets or is at least metallically coated and connected to
vehicle ground. On the other hand, also the heating rib struc-
tures 16 are electrically connected to vehicle ground. A
simple way of connecting the heating rib structures 16 to
vehicle ground is to electrically connect the ends adjacent to
the control block 12 to the shield thereof. As a result of the
electromagnetic shield thus formed, any interfering radiation
emerging from the flat sides of the PTC stones 20 as well as
from the inside of the control block 12 is at least greatly
reduced if not even eliminated.

The embodiment shown in FIGS. 3 and 4 is a further
embodiment aimed at designing the electromagnetic shield-
ing to be even more effective. For this purpose, also the ends
of the current rails 22, 24, which are covered with the insu-
lating strip 34, are provided with a shield, here in the form of
a metal strip that covers the insulating strip 34 on the outside,
which metal strip is connected on its narrow sides to the
heating rib structures 16a, 165 in an electrically conducting
manner. In the same way, as shown in FIG. 45, the lateral
insulating strips 35 and 37 are covered on the outside by metal
strips 42, 44 which are electrically connected to the heating
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rib structures 164, 165. Thus, the PTC stones are completely
encapsulated on all sides and are electromagnetically
shielded.

A further configuration level is shown in FIGS. 5 and 6. In
this embodiment, the effectiveness of the electromagnetic
shielding is enhanced even further. This is achieved by insert-
ing respectively one metal plate 46 or 48 between the heating
rib structures 164, 165 and the adjacent coupling layers or
insulating plates 28, 30. The metal plates 46, 48 are laterally
connected to the metal strips 42, 44 or are integrally formed
therewith, as well as with the housing wall 26 of the control
block 12. In this embodiment, all of the electromagnetically
radiating parts are encapsulated, whereby any emergence of
interfering radiation is virtually completely eliminated.

The invention claimed is:

1. An electric heating device for vehicles having a high
voltage electric system, said device including PTC heating
elements that are arranged between current rails which are
arranged opposite each other, which heating elements are fed
with supply current from a control electronics unit via the
current rails, and having metallic heating rib structures which
are each coupled to one of the current rails via an electrically
insulating but thermally conducting coupling layer, wherein
the metallic heating rib structures are electrically connected
to a fixed reference potential, and wherein narrow sides of the
layer structures including the PTC heating elements, the cur-
rent rails, and the coupling layers are covered with metallic
shielding strips that are electrically connected to the fixed
reference potential.

2. The heating device as claimed in claim 1, wherein the
control electronics unit is surrounded by a housing thathas an
electric shield that is connected to the fixed reference poten-
tial.

3. The heating device as claimed in claim 2, wherein the
heating rib structures are electrically coupled to the metallic
shield of the housing.

4. The heating device as claimed in claim 1, wherein an
electric insulation is inserted between the metallic shielding
strips and the narrow sides of the current rails.

5. The heating device as claimed in claim 1, wherein
between each of the coupling layers and the heating rib struc-
tures, respectively, one metallic shielding layer is arranged
that is electrically and thermally coupled therewith.

6. The heating device as claimed in claim 1, wherein the
metallic shielding strips form a continuous shielding struc-
ture with respectively two metallic shielding layers.

7. The heating device as claimed in claim 6, wherein the
shielding layers form a continuous shielding structure with
the housing of the control electronics unit.

8. The heating device as claimed in claim 1, wherein the
fixed reference potential is vehicle ground.

9. An electric heating device for vehicles having a high
voltage electric system, said device including PTC heating
elements that are arranged between current rails which are
arranged opposite each other, which heating elements are fed
with supply current from a control electronics unit via the
current rails, and having metallic heating rib structures which
are each coupled to one of the current rails via an electrically
insulating but thermally conducting coupling layer, wherein
the metallic heating rib structures are electrically connected
to a fixed reference potential, wherein the fixed reference
potential is vehicle ground.
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